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The  s t r a i n  of v i rus  used was o b t a i n e d  f rom Dr.  
WERNER HENLE of t h e  C h i l d r e n ' s  H o s p i t a l ,  P h i l a d e l -  
ph ia ,  a n d  h a s  h a d  15 m o u s e  i n t r a c e r e b r a l  pa s sages  in  t h i s  
l a b o r a t o r y .  R o l l e r  t u b e  c u l t u r e s  were  p r e p a r e d  w i t h  
m i n c e d  t e s t e s  f r o m  5 - 1 2 - w e e k  old  Swiss w h i t e  mice  
f r e sh ly  k i l led  w i t h  e the r ,  b y  fo l lowing  e s s e n t i a l l y  t h e  
m e t h o d s  of CARREL 1 a n d  G ~ v  2. T w o  t y p e s  of c u l t u r e  
m e d i a  were  e m p l o y e d  : (a) 0.5 % l a c t a l b u m i n  h y d r o l y s a t e  
a n d  (b) a m e d i u m  c o n s i s t i n g  of 10% c h i c k  e m b r y o  
ju ice  (1 :1  m i n c e d  c h i c k  e m b r y o  a n d  b u f f e r e d  HANKS' 
so lu t ion) ,  1 0 %  i n a c t i v a t e d  ho r se  s e r u m ,  2 0 %  b o v i n e  
s e r u m  u l t r a f i l t r a t e ,  a n d  60 % b u f f e r e d  HANKS' so lu t ion .  
To e a c h  were  a d d e d  100 u n i t s  pen ic i l l in  a n d  100 /zg 
s t r e p t o m y c i n  pe r  mi l l i l i t e r  m e d i u m .  T h e  c u l t u r e s  were  
i n c u b a t e d  on  ro l l e r  m a c h i n e  (15 r e v o l u t i o n s  pe r  hour )  
a t  37°C, a n d  c o n f i r m e d  to  s h o w  good g r o w t h  of f ib ro-  
b l a s t s  be fore  i n o c u l a t i o n  w i t h  v i rus .  

A n  in i t i a l  se t  of 3 c u l t u r e  t u b e s ,  d e s i g n a t e d  T - I ,  was  
i n o c u l a t e d  w i t h  0.1 m l  of 10 -5 d i l u t i o n  of 1 0 %  b r a i n  
e m u l s i o n  f r o m  mice  t y p i c a l l y  i n f e c t e d  w i t h  M M  v i r u s  
b y  a n  i n t r a c e r e b r a l  r o u t e .  A f t e r  4 d a y s  f lu ids  f r o m  t h e  
t u b e s  were  poo led  a n d  0.1 m l  of 10 -~ of t h i s  f lu id  was  
i n o c u l a t e d  i n t o  e a c h  t u b e  of a s e c o n d  se t  of t h e  cu l tu re s .  
Success ive  t r a n s m i s s i o n s  in  t h i s  m a n n e r  were  ca r r i ed  
o u t  t h r o u g h  t he  10th t i s sue  pa s s age  (T-10). A m o u n t  of 
v i rus  in  e a c h  i n o c u l u m  wa s  d e t e r m i n e d  b y  i n t r a c e r e b r a l  
i n o c u l a t i o n  of 0-03 m l  of t e n - f o l d  se r ia l  d i l u t i o n s  of t h e  
v i r u s - c o n t a i n i n g  f lu id  i n t o  3-week o ld  Swiss  w h i t e  mice.  
T h e  5 0 %  l e t h a l  doses  were  c a l c u l a t e d  b y  t h e  m e t h o d  of  
REED a n d  ~/[UENCH 3. A t  t h e  l l  th t i s sue  c u l t u r e  passage ,  
t he  g r o w t h  p a t t e r n  of t h e  v i ru s  was  i n v e s t i g a t e d  (F ig . l ) .  
Samp le s  of f lu id  in  t h e  v i r u s - i n f e c t e d  t i s sue  c u l t u r e s  
were  t a k e n  o u t  a t  1 h,  12 h,  24 h,  4 days ,  a n d  7 d a y s  
r e s p e c t i v e l y  a f t e r  v i ru s  i n o c u l a t i o n ,  a n d  t i t r a t e d  i n t o  
Swiss w h i t e  mice  for  v i r a l  a c t i v i t i e s .  All  ]~nfected cul-  
t u r e s  were  c h e c k e d  da i ly  for  c h a r a c t e r i s t i c  c y t o n e c r o s i s  4 
b y  a mic roscope  w i t h  3 × ,  10 × ,  a n d  43 × ,  ob j ec t i ve s ,  
a n d  a 10 × e y e  piece.  

As c o n t r o l ,  s im i l a r  e x a m i n a t i o n s  were  m a d e  w i t h  
u n i n f e c t e d  t i s sue  cu l t u r e s .  All  f lu ids  h a r v e s t e d  were  
c o n f i r m e d  t o  c o n t a i n  no  b a c t e r i a  b y  c u l t u r i n g  on  t r y p -  
t o n e - s o y b e a n - y e a s t  e x t r a c t  a g a r  s l a n t s  for  7 d a y s  a t  
37°C. 

I n  o r d e r  t o  e n s u r e  t h a t  M M  v i r u s  was  a c t u a l l y  t r a n s -  
fe r red  b u t  n o t  a n o t h e r  v i r u s '  n e u t r a l i z a t i o n  t e s t s  w i t h  
i m m u n e  r a b b i t  s e r u m  were  p e r f o r m e d .  

I n  t h i s  s t u d y  a c a l c u l a t e d  f ina l  d i l u t i o n  of 4,89 X 10 -2¢ 
of t h e  o r ig ina l  i n f e c t e d  m o u s e  b r a i n  was  o b t a i n e d  a t  
T- f1 .  V i r u s  c o n t a i n i n g  f lu id  f r o m  t h e  e l e v e n t h  ser ia l  
t i s sue  p a s s a g e  was  c a p a b l e  of i n i t i a t i n g  i n f e c t i o n  in  
Swiss  w h i t e  mice  to  g ive  c h a r a c t e r i s t i c  s y m p t o m s  of  
p a r a l y s i s  a n d  d e a t h  a n d  a n  LDso of  10-*" 6. T h e  m a x i m u m  
d e g e n e r a t i o n  of i n f e c t e d  f i b r o b l a s t s  was  a t  5 d a y s  a f t e r  
v i rus  in fec t ion .  Al l  mice  i n o c u l a t e d  w i t h  f lu ids  f r o m  
u n i n f e c t e d  c u l t u r e s  ( con t ro l  cu l tu res )  s u r v i v e d .  

T h e  f i n d i n g s  in t h i s  s t u d y  c o m p a r e  f a v o r a b l y  w i t h  t h e  
resu l t s  o b t a i n e d  b y  SMITtt a n d  EVANS ~ in t h e i r  s t u d y  o n  
t he  p r o p a g a t i o n  of M M  v i r u s  in  m o n k e y  t e s t i c u l a r  t i s sue  
in ro l l e r  t u b e  cu l t u r e s ,  b u t  s eem b e t t e r  t h a n  t h e  r e su l t s  
o b t a i n e d  b y  CrIA~aBERS et al. 5, w h o  used  f l a sk  c u l t u r e s  
w i t h  m o u s e  t e s t i c u l a r  t i ssue .  B ecaus e  of t h e  eas iness  of 

1 R. C. PARKER, Methods o/tissue culture, 2 n¢ed. (P. B. Hocker 
Inc., New York, 1950). 

G. O. GEY, Amer. J. Cancer 17, 752 (1933). - G. O. GEY and 
M. K. GEV, Airier. J. Cancer 27, 45 (1936). 

3 L. J. REED, and H. MUENCH, Amer. J. Hyg. ~7, 493 (1938). 
4 W. M. SMITH and C. A. EVANS, J. Immunol. 7Z, 353 (1954}. 
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g e t t i n g  t h e  m a t e r i a l  as  wel l  as t h e  c a p a c i t y  t o  s u p p o r t  
v i r a l  p r o p a g a t i o n  as  e v i d e n c e d  a b o v e ,  t h e  ro l l e r  t u b e  
c u l t u r e  m e t h o d  of m o u s e  t e s t i c u l a r  t i s sue  is v e r y  usefu l  
for  t h e  s t u d y  of M M  vi rus .  T h e s e  f i n d i n g s  e m p h a s i z e  
m o r e o v e r  t h a t  t h i s  n e u r o t r o p i c  v i ru s  p r o p a g a t e s  r e a d i l y  
in  e x t r a n e u r a l  t issue.  

Acknowledgement: The autlmr wishes to express his sincere 
gratitude to Dr. C. A. EVANS for his advice, guidance and encourage- 
ment and to other members of the Virus Research Laboratory of the 
Department of Microbiology of the University of Washington School 
of Medicine Ior their suggestions and invaluable aid. 

A. FABIYI i 

Department o/Microbiology, University o] Washington 
School o/Medicine,  Seattle 5, Washington, September 24, 
195,t. 

Zusammen/assung 
11 P a s s a g e n  yon  MM-Virus  d e r  E M C - G r u p p e  in 

M / t u s e t e s t i k e l - G e w e b e k u l t u r  w e r d e n  b e s c h r i e b e n .  Max i -  
m a l e  V i r u s t i t e r  yon  e t w a  10 -4 w u r d e n  e r r e i c h t ;  m a x i m a l e  
D e g e n e r a t i o n  der  in f i z ie r t en  F i b r o b l a s t e n k u l t u r e n  
w u r d e  n a c h  5 T a g e n  I n k u b a t i o n  b e o b a c h t e t .  

1 Present address: Department of Microbiology, University of 
Pennsylvania School of Mcdicine~ Philadelphia, Pa., U.S.A. 

T h e  P r e v e n t i o n  of  E x p e r i m e n t a l l y  Induced  
R e t i c u l o - S a r c o m a  by H y p o t h y r o i d i s m  

T h e  i n j e c t i o n  of t r y p a n  blue  in to  r a t s  p r o m o t e s  a h i g h  
inc idence  of  r e t i c u l o - s a r c o m a  i n v o l v i n g  t he  l i ve r  1, l y m p h  
n o d e s L  k i d n e y s  a n d  o t h e r  o r g a n s  a. I n  a l a rge  g r o u p  of  
a n i m a l s  some  15 to  18% fai led to  r e s p o n d  t o  t r y p a n  
b lue .  T h e  r e a s o n  for  t h i s  r e f r ac to r ines s  h a s  b e e n  t h e  
s u b j e c t  of ou r  enqu i ry .  

H y p o t h y r o i d i s m 4  as well  as i n a n i t i o n  ~ can  r e t a r d  t h e  
e m e r g e n c e  of h e p a t o c e l l u l a r  c a r c i n o m a  in r a t s  fed  
b u t t e r  ye l low a n d  c a n  also p r e v e n t  t h e  d e v e l o p m e n t  of  
p i t u i t a r y  t u m o u r s  in  r a t s  in  r e sponse  to  c h r o n i c  o e s t r o g e n  
s t i m u l a t i o n  *. W e  h a v e  also d e m o n s t r a t e d  t h a t  s e v e r e  
m a I n u t r i t i o n  c a n  a l m o s t  c o m p l e t e l y  s u p p r e s s  t h e  r e t i -  
culosis  i n d u c e d  b y  t r y p a n  blue,  an  o b s e r v a t i o n  w h i c h  
offers  a poss ib le  e x p l a n a t i o n  for t h e  dec rea sed  i n c i d e n c e  
of h u m a n  re t icu los i s  in  F r a n c e  r e p o r t e d  b y  CAZAL 7 
d u r i n g  W o r l d  W a r  I I .  I n  v iew of t h e  f ac t  t h a t  i n a n i t i o n  
depresses  b a s a l m e t a b o l i s m ,  t h e  poss ib i l i ty  t h u s  p r e s e n t e d  
i t se l f  t h a t  h y p o t h y r o i d i s m  would  also p r e v e n t  t h e  e m e r -  
gence  of t h e  r e t i c u l o - s a r c o m a  i n d u c e d  b y  t r y p a n  b lue .  

Experimental.  121 a d u l t  r a t s  weigt f ing b e t w e e n  250 
a n d  300 g were i n j ec t ed  s u b c u t a n e o u s l y  a t  f o r t n i g h t l y  
i n t e r v a l s  w i t h  1 c m  3 of 1% of a n  a q u e o u s  s o l u t i o n  of 
t r y p a n  b lue  (Grubler ) ,  T w e n t y  of t h e s e  r a t s  were  fed  
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anti- thyroid drugs (thiourea) at a 0.5 % level in the diet. 
The drug was fed first at  a level of 0.01% and gradual ly  
increased to the 0,5% level. This la t te r  procedure 
prevented the acute pulmonary  oedema known to occur 
especially after feeding thiourea. The diet was otherwise 
the same for these exper imental  rats as for the control  
series. The remaining 101 rats, const i tut ing the control  
series, were t rea ted  with t rypan  blue only and were not  
fed any of the ant i thyroid  drugs. Since 3 of the rats fed 
thiourea and 5 of the control  rats died before the 100 ta 
day of the experiment ,  only 17 of the exper imental  rats 
and 96 controls could be reported as the effective 
number  to be used for comparison. 

71 of 96 control  rats, t ha t  is 76 % developed reticulo- 
sarcoma whereas not  a single experimental  ra t  developed 
such a tumour.  These results are s tat is t ical ly significant. 

Examina t ion  of the livers of the t rypan  blue-treated 
rats fed ant i thyroid  drugs revealed tha t  whereas turnout  
formation was inhibited, only in one instance was the 
t rypan  blue reaction completely suppressed. In the 
remaining 16 livers, there was mild portal  reticulosis, 
and the appearance of fluid-filled cysts, similar to those 
described previouslyL However,  with one exception, the 
t rypan blue response in the rats fed ant i thyroid drugs 
at  the end of 200 to 400 days was not greater than  tha t  
observed in control animals at the end of the 40 th day 
of the experiment .  In  the exceptional  instance, the 
reaction at  the 140 th day was comparable with tha t  
occurring in the control  rats at about  the 70th day of 
t rea tment .  

F rom the foregoing, it can be concluded tha t  a measure 
of thyroid ac t iv i ty  is essential for the development  of 
ret iculo-sarcoma in response to t rypan  blue. Depression 
of thyro id  function below a defined level, whether  
achieved by ant i thyroid drugs or by underfeeding, will 
not  only depress the intensi ty  of the reticulosis but  
indeed excludes the development  of reticulo-sarcoma. 
Depression of the thyroid therefore retards and can even 
prevent  the emergence of exper imental ly  induced reti-  
culo-sarcoma as well as carcinoma of the l iver and of 
adenoma of the p i tu i ta ry  gland. 

J .  GILLMAN, CHRISTINE GILBERT, 
and ISOBEL SPENCE 

Departments of Physiology and Anatomy and Joint 
Nutrition Research Unit o/the Council for Scientific and 
Industrial Research and the University o/the Witwaters- 
rand, Johannesburg, South A[rica, December l, 7954. 

Zusammen/assung 
Die Ents tehung  yon Ret iculosarkom bei Ra t t en  nach 

mehrmaliger  In jekt ion  yon Trypanblau kann unter-  
driickt werden durch Entkr~tftung, Verabreichung anti- 
thyreoidaler  Mittel und durch alle andern Faktoren,  
welche den Stoffwechsel herabsetzen. 

1 j .  GILLMAN, T. GILLMAN, and C, GILBERT, S. Afr. J. Med. ScL 
lg, ~I (1949). 

T h e  , , F e e d i n g  C e n t r e "  of  the Hypothalamic 
R e g i o n  of  the Rat Brain 

According to BROBECK et al. 1, the sense of hunger and 
the food intake is regulated through a "feeding cent re"  

1 j .  R. BROBECK, J. TEPPERMAN, and C. N. H. Lo~'G, Yale J. 
Biol. Med. 15, 831 (1943).-B. K.AN~AND and J. R. DROUECK, Proc. 
Soc. Exp. Biol. Med. 77, B~3 (1951). 

localized in the lateral  parts of the anterior hypothala-  
mus. An a t t empt  to analyse the biochemical mechanism 
of the regulation was made, applying the tracer technique. 
Groups of hungry (H) rats were administered 200 /~C 
Na~HP3~O4 intraperi toneal ly at the end of a 24 h hunger- 
period, together  with fed (F) ones. They were sacrificed 
15-60 min later  through plunging in liquid oxygen. In 
other sets of experiments  the isotope was given at  the 
s tar t  of the hunger  period and the animals were sacri- 
ficed at  the end. Besides the feeding centre, C, two 
adjacent  parts  of the hypothalamus,  denoted A and B, 
were prepared f rom the frozen brain tissue, likewise 
samples of cerebrum, blood, l iver and muscles were taken 
for comparison of the gross distribution of ac t iv i ty  in H 
and F animals. 

Pooled brain samples of H and F rats were analyzed 
with regard to:  

(a) the dis t r ibut ionofPSaper  unit  volume of the samples ; 
(b) the part i t ion of p3~ on the t r ichloroacet ic  acid 

(TCA) fraction, the lipid fraction and the combined 
protein + nucleic acid fraction; 

(c) the par t i t ion of p3~ within the TCA-fraction: .  

Determinat ions of total  phosphorus in the A-C 
samples and of or thophosphate  and the hydrolysable 
end-groups of ATP+crea t ine  phosphate,  as well as of 
total  creatine 2 (free c rea t ine+crea t ine  phosphate) in 
the TCA fractions, were also performed. 

The liver of H rats took up appreciably more 3,p than 
the liver of F animals, whereas the concentrat ion in the 
muscles, the cerebrum and the blood was similar within 
exper imental  errors. This suggests t ha t  the distr ibution 
of 3~:p through the blood to other  parts of the brain than 
the hypothalamus does not  differ in the two groups of 
animals (Table I). 

The distribution of p32 on the hypothalamic  samples 
under consideration shows a characterist ic pa t te rn  
(Table I) which may be described in the following way:  
while the C samples of H rats accumulate  more ac t iv i ty  
than those of F rats, the opposite is t rue for samples A 
and B. This is simply demonstrated through the rat io 's  
C/A and C/B which measures are stat is t ical ly different 
in H and F rats. No significant differences occured in 
the amount  of total  phosphorus which account for these 
changes. The same general mode of distr ibution was 
found when the samples were chemically fract ionated 
according to (b) and the ac t iv i ty  of the single fractions 
determined.  The analyses thus suggest an all-over 
change in the biochemical ac t iv i ty  of the samples of 
hungry rats as compared with fed ones. 

I t  is of interest  to note tha t  the integrated ac t iv i ty  in 
the three samples A + B + C, making up about  2/3 of 
the total  hypothalamus,  does not  differ appreciably in 
the two groups of rats. This indicates tha t  the pa~ 
supply through the blood to the hypothalamic  region as 
a whole is ra ther  unimpaired by the state of hunger. 
Obviously, then, the part i t ion of ac t iv i ty  within the 
hypothalamus is autonomously  regulated. 

In  further  analyses, the concentrat ion of the hydro- 
lysable end-groups of A T P +  creatine phosphate was 
found mainly to follow the same pat tern  of distr ibution 
as the  P ~  given in Table I, while the concentrat ion of 
or thophosphate  seems to vary  less (Table II).  Likewise 
the distribution of to ta l  creatine agreed with the general 
scheme. Calculations of the amount  of ac t iv i ty  present 
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